Summary Lymphocyte homing receptor (CD44) is involved in lymphocyte adhesion to endothelial cells of high endothelial venules (HEVs) and lymphocyte exit from the blood circulation, and it may be involved also in hematogenous dissemination of malignant lymphoma. Prognostic significance of lymphocyte homing receptor expression defined by Hermes-3 antibody was studied among 27 gastrointestinal lymphomas followed up for 8 to 20 years after the diagnosis. Lymphomas lacking or with very weak homing receptor expression (n = 14, 52%) were associated with 57% 10-year survival rate as compared with only 15% among lymphomas that expressed CD44 more strongly (P = 0.02). We conclude that lack of lymphocyte homing receptor expression is common in gastrointestinal lymphoma, and that CD44 expression is associated with unfavourable prognosis.
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Summary Lymphocyte homing receptor (CD44) is involved in lymphocyte adhesion to endothelial cells of high endothelial venules (HEVs) and lymphocyte exit from the blood circulation, and it may be involved also in hematogenous dissemination of malignant lymphoma. Prognostic significance of lymphocyte homing receptor expression defined by Hermes-3 antibody was studied among 27 gastrointestinal lymphomas followed up for 8 to 20 years after the diagnosis. Lymphomas lacking or with very weak homing receptor expression (n = 14, 52%) were associated with 57% 10-year survival rate as compared with only 15% among lymphomas that expressed CD44 more strongly (P = 0.02). We conclude that lack of lymphocyte homing receptor expression is common in gastrointestinal lymphoma, and that CD44 expression is associated with unfavourable prognosis.
Lymphocyte adhesion molecules are involved when the lymphocyte adheres to the endothelium in order to exit the blood circulation. The process of lymphocyte extravasation takes place in specialised postcapillary high endothelial venules (HEVs), and several adhesion molecules both on the lymphocyte and on the endothelial cell work in concert in the process (Butcher, 1991 (Gallatin et al., 1983) , integrins VLA-4(a4p1) and a4p7, of which the latter appears to be involved in lymphocyte traffic to mucosal HEVs in the Peyer's patches (Hu et al., 1992) , the cutaneous lymphocyte antigen (CLA), which is involved in lymphocyte homing to the skin (Picker et al., 1991) , and Hermes/CD44 antigen, which is involved in lymphocyte binding to peripheral lymph node, mucosal, and (inflamed) synovial HEVs (Jalkanen et al., 1987) . The leukocyte integrin, LFA-1, probably serves as an activation-dependent secondary adhesion molecule involved in strengthening adhesion and diapedesis at many sites (Hamann et al., 1988; Pals et al., 1988) .
Recent evidence suggests that lymphocyte HRs are important not only in the trafficking of normal lymphocytes, but also in dissemination of malignant lymphoma Picker et al., 1988; Pals et al., 1989; Jalkanen et al., 1991 Table I . Seventeen (63%) patients were male, and the median age was 65 years (range, from 30 to 80 years). Eighteen patients had primary gastric lymphoma, and the rest had the primary tumour either in the duodenum (n = 1), the jejunum (n = 2), the ileum (n = 3), the colon (n = 1), or in multiple intestinal sites (n = 2).
Staging was done according to UICC TNM classification (1987) . All patients had laparotomy, but in two cases a biopsy only was taken without attempting tumour removal. Patients with lymphoma above the diaphragm and with gastrointestinal involvement are included in the series, because in such cases the origin of lymphoma in the gastrointestinal tract is often disputable. Stage IV lymphoma was considered to be present if either another abdominal extralymphatic organ than the intestine was involved (the pancreas, n = 3; the liver, n = 3; the uterus, the ovary, the kidney, the diaphragm, n = 1 for each), or there was lymphoma in multiple sites in the gastrointestinal tract (n = 2). Patients have been followed after diagnosis for a median of 13 years (range, 8 to 20 years, if still living or until death (n = 17). The crude survival rates at 5 and 10 years after the diagnosis were 57% and 39%, respectively.
Histology andflow cytometry Formalin-fixed and paraffin-embedded tissue blocks were sectioned and stained with the Giemsa, hematoxylin and eosin, periodic acid-Schiff, methyl green and pyronin, and van Stage   IVA  IVA  IB  IIB  IA  IVB  IVA  IB  IA  IA  IIA  IA  IIB  IA  IIB  IVA  IIA  IA  IVB  IB  IVA  IA   IVB  IIA  IVB  IB confirmed with a monoclonal antibody against human leukocyte common antigen (DAKO, Copenhagen, Denmark). All lymphomas were of B-cell origin (positive with MB2 antibody, Clonab, Viereich, Germany, confirmed by antibody L26, DAKO). The bound primary antibodies were visualised using the avidin-biotin complex technique (Vector Laboratories, Burlingame, CA, USA) with 1,1-diaminobenzidine as the chromogen. Ten lymphomas were low grade and three high grade MALT lymphomas, the rest were classified as centroblastic (n = 7), immunoblastic (n = 6) or lymphoblastic (n = 1) lymphoma.
Flow cytometry was done with a FACStar Flow Cytometer (Becton-Dickinson Immunocytometry Systems, Mountain View, CA) from deparaffinised tissue (Hedley et al., 1983) . DNA was stained with propidium iodide. For each histogram 20,000 particles were analysed. The median coefficient of variation (CV) of diploid peaks was 4.5%. S-phase fraction (SPF) was calculated with the rectangular method (Camplejohn et al., 1989) . All histograms were interpretable for DNA ploidy, but SPF was not assessed in three cases either due to overlapping stemlines (n = 1) or presence of excessive cell debris (n = 2).
Staining of CD44 and LFA-J CD44 expression was determined using Hermes-3 MoAb as serum free culture supernatant. The production and specificity of Hermes-3 have been described elsewhere (Jalkanen et al., 1987 +, Figures 1-3) . Fourteen of the 26 lymphomas with successful staining for LFA-1 beta were negative and 12 (46%) were positive.
Lymphomas with negative or very weakly positive CD44 expression were associated with more favourable survival than those with more positive CD44 expression (Figure 4 ). Only 15% of the patients with moderate or strong CD44 expression were alive 10 years after the diagnosis as compared with 57% if lymphoma cells did not express CD44 (P = 0.02). Of the other factors tested, patients with stage I lymphoma had better prognosis than those with stage II or IV lymphoma in a univariate analysis (P = 0.04), whereas DNA ploidy (diploid, n = 16, vs nondiploid, n = 11, P= 0.25), SPF (,median, 17%, vs >median, P= 0.42), presence of B-symptoms (P = 0.34), histological classification (MALT vs non-MALT, or low grade MALT lymphomas vs the rest, P = 0.37 and 0.30, respectively), sex (P = 0.69), or LFA-1 expression (P = 0.71) did not have significant association with survival. No significant association between CD44 expression (-/ + vs + + or +++) could be found with sex, stage (I vs II or IV), DNA ploidy, SPF, LFA-l beta expression, histological classification (MALT vs non-MALT, or low grade MALT lymphomas vs the rest), or the primary site (the stomach vs other, P> 0.1 for all comparisons).
Discussion
Lack of CD44 expression was associated with favourable outcome in gastrointestinal lymphoma in the present series. Because CD44 expression was significantly associated neither with a large SPF, which is associated with aggressive histological features and poor outcome in lymphoma (Rehn et al., 1990; Joensuu et al., 1991) , nor with high histological grade of malignancy, the result suggests that the poor outcome of CD44 positive gastrointestinal lymphomas may be due to their greater tendency to give rise to distant metastases. Although a multivariate analysis was not carried out due to the limited size of the series, in addition to CD44 expression only postsurgical stage showed some association with survival among the several factors studied, which suggests that lymphocyte CD44 expression may be one of the strongest prognostic factors in gastrointestinal lymphoma.
Fourteen (52%) of the gastrointestinal lymphomas did not express CD44. In a recent series consisting of 245 nonHodgkin lymphomas investigated by us by similar methods disseminate hematogenously than non-Hodgkin lymphoma in general. In accordance with this, gastrointestinal lymphoma may apparently occasionally be cured by local therapy, such as surgery alone (Dragosics et al., 1985) . Several homing-associated molecules work in concert in lymphocyte extravasation. Therefore, a better correlation with survival might be obtained if a panel of these molecules were investigated, but analysis of most of such molecules is probably not possible from formalin fixed tissue. Lymphocyte adhesion molecule a4P7 is likely to be involved in lymphocyte homing to Peyer's patches and the appendix (Hu et al., 1992) . Although little is known about lymphocyte homing receptors involved in the recruitment of immunoblasts or memory lymphocyte populations to the intestinal lamina propria, venules in the intestinal lamina propria express the mucosal vascular addressin, which appears to play an important role in recruiting gut-homing lymphocyte populations from the blood to this site. However, gut intraepithelial leukocytes and many lamina propria lymphocytes express the mucosal lymphocyte antigen (MLA), defined by MoAbs HML1 or Ber ACT8 in the human, which may play a role in lymphocyte homing to the gut (Picker & Butcher, 1992) .
It is concluded that gastrointestinal lymphoma with absent or very weak CD44 expression is associated with more favourable prognosis than lymphoma with stronger CD44 expression. Larger series now need to be studied in order to investigate further the relationship between CD44 expression and different histopathological subtypes of gastrointestinal lymphoma, and between CD44 expression and other known prognostic factors in this disease. Studies performed from fresh lymphoma tissue where multiple homing-associated molecules are simultaneously evaluated are also highly warranted. 
